One systematic review found 5 studies that suggested superiority of helmet therapy, although significant potential biases were noted. 33 At least 1 study found active repositioning to be slightly superior to other options, although it was associated with a longer active management period. 21 Cranial orthoses are generally perceived to represent a low-risk intervention; the rate of complications associated with their use has been recently estimated at 1% or less. 25 Concerns, if cited, commonly include the potential for skin irritation and pressure sores at the sites of maximal applied scalp force. 27 A physician survey suggested that neurosurgeons were less likely to prescribe molding helmets for plagiocephaly than plastic surgeons. 17 There exists a spectrum of available orthotic devices. Device-specific case series have reported using noncustomized soft foam helmets, custom-built helmets, or headbands. 1, 23, 28, 29 The purpose of this study is to review the available literature on complications associated with molding helmet therapy.
Methods
A PubMed query was performed for English-language articles published between 1990 and April 2013, using the following search terms in various combinations: helmet, cranial orthosis, complications, positional, molding, plagiocephaly, and nonsynostotic. References from all selected papers were further examined for additional suitable studies.
Results and Discussion
Data from randomized studies on positional plagiocephaly interventions are very limited. One randomized trial suggested the superiority of an active physiotherapy Molding helmet therapy is a widely accepted treatment for positional plagiocephaly that is generally considered to be low risk. Multiple large outcome studies have shown good results, but adverse events are rarely reported. The literature on helmet therapy was reviewed to clarify the clinical experience with associated complications. Although significant complications were extremely rare, there was a large degree of variability in detection of lesser problems such as minor skin irritation. Patients with a primarily brachycephalic morphology may be at higher risk for poorly fitting orthoses. Most reported complications are minor and self-limited. Maintenance of good helmet hygiene appears to be the most effective strategy for reducing or eliminating complications. program over parental counseling without physiotherapy support. 30 As noted previously, no prospective randomized trials have compared the use of cranial orthoses to active repositioning therapy. 3 There is widespread consensus in the literature that complications associated with helmet therapy are low or negligible. 16, 22, 23, 25 A review article published in 2005 found that no study up to that time had reported any serious complications of helmet therapy. 20 The review's authors described occasional malodorous perspiration, minor skin irritation, nonreimbursable cost, and social stigma of helmet use as potential problems. A subsequent review, published in 2012, examining 20 studies of molding helmet therapy concluded that no study had indicated that any harm was associated with this intervention. 5 A large prospective study of 260 patients treated with custom helmets reported a morbidity rate of 0%. 4 Several studies in which cohorts of patients with positional plagiocephaly were treated with various custom or noncustom orthoses reported no treatment-associated complications, including series of 159 patients, 28 patients, 71 patients, 29 patients, 125 patients, 116 patients, 105 patients, and a 97 patient study that also noted that patients with severe brachycephaly can be difficult to fit in orthoses due to poor helmet purchase on a flattened external occipital protuberance. 8, 9, 18, 23, 26, 28, 29, 31 Guidelines published by the American Academy of Pediatrics in 2003 regarding management of positional deformities described favorable results with molding helmets when used in patients between ages 4 and 12 months, and the guidelines recommended molding helmet use if physical therapy and repositioning did not yield satisfactory results. 22 Although cost and inadequate outcome data were cited as barriers to more widespread use, no complication concerns were noted.
One direct prospective nonrandomized comparison between helmet and nonhelmet management matched 29 infants in the cranial orthosis arm to 45 infants treated with repositioning alone. 21 Although no complications were reported in either cohort, the authors speculated that a patient with primarily brachycephalic cranial morphology would achieve less satisfactory results with helmet therapy. The authors listed potential problems that could be associated with helmet use: 1) poor helmet fit; 2) skin injury over pressure points; 3) skin reaction to helmet lining materials; 4) poor fit with severe brachycephaly; and 5) unwanted attention by others directed toward the helmet-wearing child.
Two retrospective studies based on families' responses to questionnaires did reveal a small risk of low-acuity adverse events. One report covering 46 patients undergoing molding helmet therapy included a single case of serious pressure spots and hair loss. The family of another child in this cohort had a self-reported unsatisfactory result, described as insufficient deformity correction. 7 The other retrospective survey study of families of 28 patients treated with cranial orthoses reported 1 case of contact dermatitis and 2 other cases of parental dissatisfaction with the treatment that led to therapy discontinuance. 2 Only 1 study has specifically addressed complications associated with cranial orthoses. 32 A retrospective analysis of 410 patients undergoing helmet therapy for positional plagiocephaly was undertaken specifically to examine the complication rate. The authors found, not surprisingly, a higher rate of complications than had been previously described. Their observed complications included 43 pressure sores, 26 cases of ethanol erythema (their protocol for cleaning the inside of the helmet included ethanol wipes), 5 cases of skin infection, 1 case of bacterial abscess requiring local incision and drainage, 25 cases of poor fitting helmet, and 5 cases of unsatisfactory cosmetic results. In this study, deficient fitting of the helmet did not seem to be significantly more prevalent in children who were primarily brachycephalic (6.3%) compared with those who were plagiocephalic without brachycephaly (4.4%), although pressure sores were twice as common in the brachycephaly group (21.9% vs 10.9%). The overall rate of complications was not found to be related to the severity of deformity. Deficient fitting of the helmet and an unsatisfactory result in this and other studies were attributed to noncompliance, severe craniofacial deformity, persistent torticollis, delayed age at onset of treatment, or underlying comorbid clinical syndrome. 23, 24 Outcome studies over the longer term are much fewer in number, and none has reported any persistent or delayed complications. A report on 129 patients treated with helmets showed very good parental satisfaction and no long-term complications noted at ages 3 and 4 years, as did a study of 28 patients followed for 5 years or longer. 10, 18 Another study of 166 helmet-treated patients also reported no complications at 3-5 years posttreatment.
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Conclusions
Although serious complications are very rare, molding helmet therapy is not an entirely risk-free intervention for positional plagiocephaly. Symptoms of mild transient skin irritation are the most commonly described adverse events. The variability in the reported rates of morbidity among series appears to mostly reflect the sensitivity of criteria used to define complications, although survey studies suggest patients' families may have different perceptions of the incidence and severity of helmet-associated complications than the treating physicians. Most reported complications are very mild and are effectively resolved by discontinuing the helmet therapy. Good hygiene is important. Families should be made aware of the potential for problems and steps that can be taken to prevent them.
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